The Epidemiology in the Infected Stock
The mouse stock in which the disease occurred was built up from about 100 breeding mice acquired in 1922 from a dealer in Pennsylvania. Since then no new mice have been added to the colony. The disease was first recognized early in December, 1934. It is not known how long it had been present. When, in the course of experiments performed in 1933, material was frequently passed from mouse to mouse by intracerebral injection, the disease was not observed and presumably was not present.
It was estimated that from 40 to 50 per cent of the colony, which numbered about 2000 animals, had become infected when the disease was recognized. From a few of the uninfected mice a new stock was built up which will be referred to as the virus-free stock.
Some of the infected mice were kept in strict isolation in five cages for a study of the epidemic. No new mice were added and no virus was introduced. In each cage there were eight to ten female mice of different ages, most of them full grown and many pregnant, and one male. Young mice born in the cages were removed at the age of 4 to 5 weeks except those needed as replacements. At times the females of a litter were left in the cage for a longer time in order to obtain mice of different ages for the immunity tests. Some of the young mice removed were bled by heart puncture and their blood was tested for virus to ascertain that the disease was still present.
The mice in these five cages have been under observation for 9 months during which time the disease has persisted in all cages without change in its character. Symptoms were noted only in young (1 to 6 week old) mice, and some of these died. The rates of morbidity and mortality varied greatly in different litters. The mice of many litters never showed symptoms, while in other litters all, or almost all, appeared sick and some died.
In order to determine the rate of infection and the age at which infection occurred, mice of different ages were tested for immunity by intracerebral inoculation with 0.04 cc. of a virulent 5 per cent mouse brain suspension. The results are given in Table I . All mice older 1934, as well as in the mice from one out of fifteen stocks tested, and in two human patients. than 4 weeks were solidly immune. A number of the younger mice that were not immune died in typical convulsions 2 to 5 days after the test inoculation, that is, after a much shorter incubation period than that in control mice from a virus-free stock (6 to 7 days). It is probable that these mice were already infected and that the injury of the inoculation caused the virus to become localized in their brains. Previous observations (1, 2) are in accord with this view.
The difference between the high rate of infection (100 per cent) among the mice of the five cages kept for a study of the epidemic and Each mouse was given an intracerebral injection of 0.04 cc. of a 5 per cent suspension of brain from infected mice. that in the infected colony (40 to 50 per cent) is accounted for by the fact that in the colony the disease was not present in all breeding cages.
The young from the colony were weaned at the age of 3 to 4 weeks and transferred to other cages in which they remained until they were given out to the laboratories. Each of these cages contained about 25 mice which came from different breeding cages. The mice from breeding cages in which the disease was not present became infected by contact with the mice from infected cages. This is the reason why in earlier experiments (1, 2) some 5 week old mice were encountered which were not yet immune and showed characteristic symptoms following an intracerebral injection with sterile bouillon.
Experiments on the Mode of Transmission of the Disease
Immune Mice as Carriers of Virus.--As reported (9), some mice which recovered after natural or experimental infection remained carriers of the virus for several months. In other such mice the virus soon became undemonstrable. After it was established that practically all mice in the infected stock become infected when they are very young, it was of interest to determine approximately how many of them remained carriers. All mice examined appeared healthy.
The experimental methods used have already been described (9) . Heart blood from each mouse was injected intracerebrally into a guinea pig, and the urine and nasal washings were injected subcutaneously into the footpads of guinea pigs. Nearly all guinea pigs used in these tests had been previously inoculated with sublethal doses of equine encephalomyelitis virus. It is not probable that these inoculations altered their susceptibility, since there is no crossimmunity between the two diseases. Table II shows that several mice carried virus in the blood and discharged virus with the urine and nasal secretions. The duration of the carrier stage was estimated on the assumption that the infection of the animals occurred when they were less than 4 weeks of age. The number of carriers decreased with increasing age.
Intrauterine Infection.--An attempt was then made to determine whether the virus passed to the embryos from pregnant carriers.
In the 1st and 2nd experiments recorded in Tablte III the pregnant mice were killed by bleeding from the heart under deep ether anesthesia. The embryos were removed aseptically, immersed in absolute alcohol for about 10 minutes, and then in acetone for about 2 minutes. The defibrinated blood and a 20 per cent suspension of the entire embryos were titrated, and the decimal dilutions were injected either subcutaneously into the plantae of guinea pigs or intracerebraUy into mice from a stock free from the disease. (This stock was acquired from a dealer (Freed) who also supplied some of the mice used by Rivers and Scott.) In other experiments indicated in Table III the mother mice were bled shortly after parturition, and the blood as wen as suspensions of the brains of the new born young was tested for virus. The young mice were chloroformed and then washed in alcohol and immersed in acetone before their brains were removed. The detection of virus in the brains of new born mice is regarded as an indication of intrauterine infection, because the time elapsing between birth and the test was too short for contact infection. The details of the experiments are recorded in Table III. In the 1st and 2nd experiments the virus content of the embryo suspensions was higher than that of the blood of the mother mouse, a fact which indicates that the virus multiplied in the embryos. Intrauterine infection of the embryos occurred in four out of six naturally infected pregnant mice which carried virus in the blood. In the mouse tested in Experiment 6 no virus had been detected in the blood 2 weeks before parturition, but at autopsy performed 6 hours after parturition a lymphosarcomatous mediastinal tumor was discovered * In one mouse of this group virus was detected in the urine but not in the blood or nasal secretions. which contained virus. Experiment 8 was made with four experimentally infected mice from the virus-free stock. The result suggests that the passage of the virus through the placenta requires a considerable time.
The rate of morbidity in litters infected in utero is usually high, often amounting to 100 per cent. The mortality varies between 0 and 60 per cent. The disease is chronic in these mice, and the symptoms, which begin about 1 week after birth and may last for over a month, are a greatly decreased rate of growth, emaciation, slow and stiff movements, slight somnolence, a ruffled fur, and sometimes diarrhea. Eight experiments on contact infection were carried out with mice whose ancestors had been free from the disease for at least 2 or 3 generations.
From each mouse to be exposed 0.2 cc. blood was drawn by heart puncture. The blood samples were pooled and defibrinated, and the pooled blood was injected into a guinea pig (0.2 cc. intracerebrally, the remainder subcutaneously into the plantae), with a negative result in all experiments. The litter mates of these mice not used in the experiments were tested for immunity by intracerebral inoculation with virus as additional controls for the exposed mice. They all died of typical choriomeningitis. The ages of the exposed mice varied from 3 weeks to 3 months, and in two experiments mice with newly born litters were included. The mice were exposed by placing each lot in a separate cage with a number of mice which had just been inoculated. The routes of inoculation are indicated in Table  IV . Precautions were taken that the mice which died were not devoured by the other mice.
Two methods were used to determine whether or not the exposed mice had become infected: They were bled again 3 to 4 weeks after the 1st day of exposure, and their pooled blood was injected into a guinea pig as above. If this test was negative, it was repeated 8 days later. The mice which survived the bleedings were tested for immunity by intracerebral injection with 0.04 cc. of a 5 per cent mouse brain suspension 4 to 5 weeks after the 1st day of exposure. The percentage of infected mice was based upon the latter tests. Table IV shows that the virus is readily transmitted by contact provided the time of exposure is sufficiently long. None of the mice infected by contact showed symptoms.
Another experiment was carried out with a litter of nine mice born in the infected stock from a mother with avirulent blood. Five of the young were killed about 12 hours after birth and no virus was detected in their brains. The remaining young were left with the mother and other mice of the same stock. On the 4th day after birth two were killed and virus was present in their brains. The remaining two never showed symptoms and were later resistant to intracerebral injection with virus. From this experiment it seems that in new born mice contact infection takes place more rapidly than in older mice.
Several other litters born in infected cages from mice with virusfree blood were observed for about 2 months for clinical symptoms but none were noted, although the fact that the mice did become infected by contact is evidenced by their immunity to a later intracerebral test inoculation.
A few experiments analogous to the ones described above were carried out with white mice from the Freed stock 2 in which neither carriers nor immune animals had been detected. The mice were These are Swiss mice from a dealer who also supplied Dr. Rivers and Dr. Scott. highly and uniformly susceptible to intracerebral injection with virus. In these experiments virus was never demonstrated in the blood of the 37 mice exposed for 3 to 4 weeks to mice of the same strain injected intraperitoneally with virus, and all exposed mice died following the intracerebral test injection.
In another experiment ten mice from the virus-free stock were exposed together with ten mice from the Freed stock. The mice were bled after the exposure and no virus was present in the pooled blood samples from either group. However, all the mice of the first group that survived the bleedings became immune, while of the second group only two of nine mice were immunized. In each experiment recorded in Table V , five 3 week old white mice from the virus-free stock were placed in the same cage with a naturally infected mouse. In Experiment 1 the mice were placed in contact with the carrier mouse 15 described previously (9) 184 days after this animal was removed from the infected stock. In a preliminary experiment this mouse had transmitted the disease to two healthy mice. Mouse 15 discharged virus through the nose and urine during the present experiment (tests recorded in Table V) . In Experiment 2 a mouse was used which had carried and discharged virus for at least 4 months. Virus was present in the nasal washings taken from this animal shortly before it was placed in the same cage with the young mice. The urine was not tested for virus. The cages used in the experiments had screen bottoms to eliminate infection through urine as far as possible. The exposed mice were bled daily by heart puncture, 0.15 cc. blood being withdrawn from each mouse. Immediately after the bleeding their pooled, defibrinated blood was injected into a guinea pig (0.2 cc. intracerebrally, and the remainder subcutaneously into the plantae). Several mice died from injury through the heart puncture (see Table V ). Nasal washings also were taken daily from the exposed mice according to the method described previously (9) , and the pooled nasal washings were injected subcutaneously into the plantae of a guinea pig.
The Portal of Entry in
If virus entered the exposed mice by way of the nose, it should be detected in the nasal washings before it appeared in the blood. This was the case in Experiment 1. The two mice which survived the * In both experiments the contact mice were removed from the infected mouse on the 14th day.
t Both surviving mice were tested for immunity on this day and were immune. ~; The surviving mouse was tested for immunity on this day and was not immune.
bleedings were later immune to intracerebral injection with virus. In Experiment 2 virus was repeatedly detected in the nasal washings from the exposed mice but never in the blood. One mouse survived the bleedings. In its nasal secretions virus was present on at least 2 successive days, but the animal did not become generally infected or immune.
The occurrence of contact infection in spite of the fact that the animals were kept on screens suggests that the nasal secretions of infected mice are more important in the transmission of the virus than the urine. The negative results obtained in two experiments in which an attempt was made to infect mice by placing them in cages heavily contaminated with virulent urine support this assumption. Additional evidence for it is the failure of the white mice (in Experiments 2 and 3, Table V) to become infected when kept in the same cage with infected wild mice whose urine was virulent. White mice and wild mice, when kept in the same cage, keep apart from each other during the first 3 or 4 weeks and their noses rarely come in contact. This may be the reason why the white mice failed to become infected.
The Experimental Disease in the Wild House Mouse (Mus musculus)
Since it was possible that our mouse colony had become infected through contact with wild house mice, many wild mice were trapped in the stables and barns of the Institute and their blood was tested for virus.
The blood was drawn by heart puncture (0.3 cc. per mouse) from 102 mice. The mice were divided in lots of three to twelve animals. The blood samples from each lot were pooled and defibrinated and then injected into a guinea pig (0.2 cc. intracerebrally, 1 cc. into each planta, and the remainder intraperitoneally, if there was a large amount of blood). No virus was detected in any of the blood samples. Some of the mice which survived the heart puncture were used in experiments on contact infection immediately after the bleeding.
Another group of 45 wild mice was tested for immunity by intracerebral injection with 0.04 cc. of a virulent 5 per cent mouse brain suspension. Of these mice 40 died in 6 to 9 days or were killed when presenting typical tremors and clonic-tonic convulsions. Five mice showed no symptoms. It is not certain whether they contracted a subclinical infection, or were specifically immune, or naturally resistant. Blood drawn from four of them 1 month after the injection contained virus. In another experiment three wild mice were injected intra-peritoneally with virus. They showed no symptoms. Their immunity was tested by intracerebral injection with virus given 38 days later. Pooled serum obtained from these mice 78 days after the test of immunity contained virus. These results indicate that the virus may persist after recovery in wild mice also and render the absence of virus from the blood of the 102 mice all the more significant.
Contact Infection in Wild Mice.--For epidemiological reasons it
was of interest to determine whether wild mice may become infected by contact.
In a preliminary experiment it was found that wild mice injected intraperitoneally with virus discharged it with the nasal secretions and urine on the 8th day following the inoculation. No tests were made on other days. In Experiment 4 (Table VI) the urine and nasal washings from the wild mice on the 8th day after the inoculation also contained virus.
Four experiments on contact infection were made. The method used was essentially the same as that in the experiments on contact infection with white mice.
In Experiments 2, 3, and 4 (Table VI) some white mice bred from virus-free parents were exposed to the infected mice together with the wild ones. The shavings used as bedding in the cages were not changed until the first bleeding, in which 0.2 cc. blood was drawn by heart puncture from each mouse. The pooled, defibrinated blood was injected into a guinea pig (0.2 cc. intracerebrally and the remainder subcutaneously into the plantae). The exposed mice were in contact with the infected ones until the intracerebral test inoculation (0.04 cc. virulent 1 per cent mouse brain suspension) which was administered on the 30th to 38th day of exposure. All exposed mice, the white and wild ones alike, showed no symptoms before the test injection. Table VI gives the details of the experiments. No transmission of the virus occurred in the 1st and 2nd experiments, while in the 3rd experiment the virus passed to the exposed wild mice, as indicated by the positive blood test, but not to the white ones. All the surviving exposed mice died following the test of immunity. Since a general infection with choriomeningitis produces a solid immunity, it must be assumed that the wild mice infected by contact were among those which died from injury either following the heart puncture or the intracerebral test inoculation. In the 4th experiment all of the wild 
The Disease in Guinea Pigs
Late in January and in February, 1935, three guinea pigs injected with equine encephalomyelitis virus developed choriomeningitis. This virus was recovered from all three, and each strain was pathologically and immunologically identical with the virus obtained from mice. Although proof is lacking, it seems probable that the animals did not become infected through the inoculations.
The guinea pigs were kept in different cages but in the same unit with other guinea pigs and about 6 feet away from several cages of mice from the infected stock. The disease has not been observed in any other guinea pigs in our stock, and every stock guinea pig tested thus far has been susceptible, indicating that the three infections described were exceptional.
Infection by Contact in Guinea Pigs
Of thirteen guinea pigs placed in cages with diseased ones, one contracted the disease. Transmission of the virus by contact occurred accidentally on two occasions when guinea pigs injected with innocuous material were kept in the cages with infected guinea pigs.
The disease in our guinea pigs is not so highly contagious as in our white mice. Prolonged contact appears to favor the transmission of the virus as in mice.
Neutralization Tests with Human S~ra
It seemed possible that the mouse colony and three guinea pigs just described had become infected in the unit through contact with the caretakers. The sera of the three caretakers of this unit, one of whom (J. M.) had also taken care of the infected mouse colony for the past 5 years, were tested for antivirus. These neutralization tests were made by the method already described (8) , by which mixtures of decimal dilutions of virus and equal amounts of undiluted serum were injected subcutaneously into the plantae of guinea pigs.
In Table VII In Table VIII D 15 ffi died in 15 days; F ffi fever; S ffi typical symptoms followed by recovery; 0 ffi no fever, no symptoms; --ffi not tested. D 18 = died in 18 days; F ffi fever; S ---typical symptoms followed by recovery; 0 ffi no fever, no symptoms; --ffi not tested.
* Died of intercurrent disease.
had very little neutralizing power, while the serum drawn on July 20 neutralized 100, and on September 16 at least 1000 ~.LD. of virus. Neither J. M. nor J. S. at any time showed symptoms suggestive of meningitis. If they were infected, their disease was subclinical. The serum of the third caretaker did not neutralize the virus.
Since symptoms were noted in white mice that had become infected in utero, while other mice born virus-free but infected soon after birth by contact with diseased mice showed no symptoms, it seems that the virus affects embryonic mouse tissues more severely than mature tissues.
Immune carriers probably are in part responsible for the persistence of the disease in the mouse stock for at least 15 months. Another factor favoring this long persistence is the absence or exceedingly low concentration of antivirus in the blood of immune mice (9) . In other virus diseases the antivirus is known to be transmitted by immune mothers to the suckling young, which during their passive immunity either fail to become infected or acquire a lasting active immunity due to a mild infection under the partial protection of the antivirus. But young mice born from immune, virus-free mothers are in no way protected from choriomeningitis. They become infected a few days after they are born.
As shown by the different results obtained with mice descended from the infected colony and the mice obtained from a dealer (Freed), white mice from different stocks are not equally susceptible to contact infection with the virus under study. It would be of interest to determine whether hereditary factors are responsible for this difference. However, the virus is difficult to work with experimentally from this viewpoint, because the mice infected by contact show no symptoms.
It is possible that the two caretakers whose sera neutralized the virus had had a subclinical infection. The increase of the neutralizing power of J. S.'s serum between March 3 and September 16, 1935, is in favor of the specificity of the neutralizing effect of this serum. Since antivirus develops slowly in man, according to the evidence of Scott and Rivers (4), J. S. may have become infected at about the same time or shortly before the guinea pigs which he took care of were infected. No evidence was obtained as to the time of the hypothetical infection ofJ. M.
The question whether or not an infected human being can transmit the disease directly to lower animals cannot be answered at present. The transmission of the virus from man to guinea pigs is doubtful since these animals rarely become infected by contact with infected guinea pigs which discharge considerable amounts of virus with the nasal secretions and urine. With old mice it is also doubtful, because they require a rather close contact with infected mice over a relatively long time to become infected. In new born mice, however, contact infection occurs more rapidly and probably more easily than in older ones, and it may be supposed that the virus gained a foothold in such mice, if the caretaker was the source of infection for the mouse stock.
On the other hand, it is possible that the caretakers became infected through contact with the diseased animals. As Rivers and Scott (5) pointed out, however, the virus is not readily transmitted from lower animals to man. Two workers in our laboratory have handled infected mice or guinea pigs almost daily for 15 months without developing any antivirus.
SUMMARY
In a mouse colony in which lymphocytic choriomeningitis is endemic infection takes place either in utero or shortly after birth. Virus is discharged from infected mice with the nasal secretions and urine. In some mice the infection lasts for several months, and such carriers can transmit the disease to healthy mice by contact. The portal of entry appears to be the nasal mucosa rather than the gastrointestinal tract. Mice infected by contact show no definite symptoms while those infected in utero often do. The disease has persisted in the colony for at least 15 months without change in its character. Mouse stocks differ in their susceptibility to contact infection and the findings given in the paper could be reproduced only with a very susceptible stock. Wild mice (Mus musculus) can be infected by contact, although less easily than our white mice.
The source of the infection in the colony has not been determined. The fact that the serum of the caretaker neutralizes the virus indicates that he has been infected. It seems likely that the virus went from him to the mice rather than vice versa. Other possible sources of infection are considered.
